• In this study, we detected that dynamic thiol/disulphide homeostasis, which is an indicator of oxidative stress, did not change in children with non-autoimmune subclinical hypothyroidism (SHT). Hence, this study provided further evidence that SHT is a benign condition in children and that L-T 4 treatment is not necessary.
SH (466 ± 32.8 vs. 462 ± 32.1 μmol/L p = 0.59), SH + SS (508 ± 34.0 vs. 506 ± 32.7 μmol/L, p = 0.81), SS (21 ± 5.5 vs. 22 ± 5.8 μmol/L, p = 0.41), SS/SH (4.5 ± 1.2 vs. 4.8 ± 1.3%, p = 0.36), SS/SH + SS (4.1 ± 1.0 vs. 4.3 ± 1.1%, p = 0.36) and SH/SH + SS (91 ± 2.1 vs. 91 ± 2.1%, p = 0.31) levels were similar in children with SHT and control subjects (p > 0.05). There was no difference between total cholesterol, triglyceride, and low-density lipoprotein levels in SHT patients and controls. No difference was detected between the patients with or without iodine deficiency in the SHT group in terms of thiol/disulphide homeostasis parameters. Conclusion: The status of dynamic thiol/disulphide homeostasis did not change in children and adolescents with non-autoimmune SHT. Future studies are needed for the evaluation of oxidative stress in patients with long-standing non-autoimmune SHT.
Introduction
Subclinical hypothyroidism (SHT) is a biochemical condition characterized by increased serum levels of thyroid-stimulating hormone (TSH) above the upper limit of the reference range, with normal serum free thyroxine (FT 4 ) concentrations. SHT in children is often a benign and remitting condition with a low risk of progression toward overt hypothyroidism [1] . The negative effects of SHT on the health of children are controversial. The role of SHT on atherosclerotic disease is still debated [1] . Some evidence suggest that long-term mild TSH elevation might be related to subtle proatherogenic abnormalities such as mild hyperlipidemia and an elevated atherogenic index [2] . Thyroid hormones have been shown to affect the synthesis and degradation of antioxidant proteins, vitamins, and enzymes [3] . Hypothyroidism leads to oxidative stress (OS) via both an increased production of free radicals and a reduced antioxidant defense capacity [4] . A short-term and rapid increase in TSH level may cause OS and low-grade inflammation. It has been reported that TSH induces the secretion of inflammatory cytokines such as tumor necrosis factor (TNF)-α and interleukin (IL)-6 in vitro [5] . A high TSH concentration is also associated with increased mobilization of body fat reserves [6] .
OS occurs as a result of the increased production of free radicals and reactive oxygen species (ROS) and/or reduced antioxidant defense mechanisms [7] . It damages intracellular and membrane-associated proteins, carbohydrates and lipids, affects enzyme and neurotransmitter receptor functions, and causes DNA mutations [7] . ROS play a crucial role in the genesis of atherosclerosis inducing vascular smooth-muscle cell proliferation, vascular inflammation, the oxidation of low-density lipoprotein cholesterol (LDL-C), and the reduction of nitric oxide bioavailability [8] . Thiols are important antioxidant buffers because they contain sulfhydryl groups which reduce oxidant molecules, thereby protecting the organism from oxidative damage [9] . They are converted to disulphides during this reaction, and can be reconverted into thiol groups, and so a dynamic thiol balance is established. Thiol/disulphide homeostasis is regarded as an indicator of OS [9, 10] . OS markers have been found to be increased in patients with autoimmune SHT [11] [12] [13] .
Hashimoto thyroiditis is a chronic inflammatory and autoimmune disease [11] . Abnormal thiol/disulphide homeostasis plays a pivotal role in the pathophysiology of many chronic inflammatory diseases [14] [15] [16] . Increased OS may be related to autoimmunity in patients with Hashimoto thyroiditis [11] . The objective of this study was to evaluate dynamic thiol/disulphide homeostasis in children and adolescents with non-autoimmune SHT.
Subjects and Methods
Before the study, all SHT patients and control subjects underwent a clinical evaluation by measuring their height and weight. Body weight measurements were conducted after a 8-h fasting period, barefoot, and with their daily clothes on and height was measured with the patient barefoot with the Seca 274 Stadiometer (Hamburg, Germany) with 1 mm accuracy. The BMI and height standard deviation scores (SDS) were calculated using published reference values for healthy Turkish children [17] .
Sixty patients with non-autoimmune SHT and 40 healthy subjects were included in the study. The patient group consisted of patients with negative thyroid autoantibody (anti-thyroglobulin antibody [anti-Tg] and anti-thyroid peroxidase antibody [anti-TPO]), an absence of palpable goiter or symptoms related to hypothyroidism from the time of SHT identification to the beginning of the study, a TSH level > 5 mIU/L, and an FT 4 value within the normal range of reference values. Patients with a high TSH were evaluated once more after 3 months, and were included in the study if their TSH levels were still elevated. The control group consisted of sex-and age-matched healthy subjects who were negative for thyroid autoantibodies and whose thyroid function tests were normal. None of the controls had a personal or family history of thyroid disease or goiter upon examination.
Exclusion criteria for both groups were the existence of any renal, hepatic, cardiac, endocrine, autoimmune, infectious, musculoskeletal, or malignant diseases, any previous irradiation in the neck region, any form of vitamin supplementation, previous or current thyroid diseases, previous L-T 4 replacement therapy, the use of drugs that might interfere with thyroid function, chromosomal and genetic syndromes, being born premature or small for gestational age, familial hypercholesterolaemia, or familial cardiac disease.
Blood samples were taken from patients and control subjects after 8 h of fasting. TSH, FT 4 , anti-TPO, and anti-Tg were measured with an immunoassay using a Beckman Coulter DX1800 (Brea, CA, USA), and triglycerides (TG), total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C) were measured photometrically with a Beckman Coulter AU680. Urine iodine was measured in the first morning urine samples with a Shimadzu LCMS-8040 (Kyoto, Japan) device and the LC-MS/MS method in patients with SHT. Mild iodine deficiency was considered as 50-99 μg/L, moderate as 20-49 μg/L, and severe as < 20 μg/L [18] .
Blood specimens were collected between 8: 00 and 10: 00 a.m. following 8 h of fasting, for the detection of thiol/disulphide homeostasis parameters. Samples were then immediately centrifuged for 10 min at 1,500 rpm to separate plasma and serum. Serum specimens were stored at -80 ° C until all samples had been collected. All thiol/disulphide homeostasis parameters were studied from the same samples. Serum dynamic thiol/disulphide homeostasis was determined with the spectrophotometric method described by Erel and Neselioglu [19] using an automated clinical chemistry analyzer (Roche, Cobas 501, Mannheim, Germany). Sodium borohydride is the essential agent in this method that is used Oxidative Stress in Non-Autoimmune Subclinical Hypothyroidism to reduce dynamic bonds to functional thiol groups. To prevent extra reduction of 5,5′-dithiobis-2-nitrobenzoic acid, unused sodium borohydride was removed by the addition of formaldehyde. The total thiol content of the sample was measured using a modified Ellman reagent. The dynamic disulphide amount was calculated by determining half of the difference between the total thiol and the native thiol. The data obtained were determined as total thiol, native thiol, disulphide, disulphide/total thiol, disulphide/ native thiol, and native thiol/total thiol levels.
This study was performed at the Ankara Children's Hematology and Oncology Training and Research Hospital between June 2016 and April 2017. The thiol/disulphide homeostasis parameters were studied in the Yıldırım Beyazıt University Biochemistry Laboratory. The study was conducted in accordance with the Declaration of Helsinki and was approved by the hospital research ethics committee. Informed consent was obtained from all participants and their parents before the study.
Statistical Analysis
SPSS for Windows v17.0 was used to evaluate the data. The Student t test was used to compare variables fit for normal distribution, and the Mann-Whitney U test to compare variables not fit for normal distribution. Correlation analyses were performed with the Pearson correlation test. Results were expressed as mean ± standard deviation and statistical significance was set at p < 0.05.
Results
Clinical and laboratory data of the patients and control subjects are presented in Table 1 . Age, gender, BMI SDS, and height SDS were similar in the patient and control groups. There was a significant difference in TSH levels between the groups (6.54 ± 1.16 vs. 2.58 ± 1.02 mIU/L, respectively, p < 0.001). TC, LDL-C, TG, and HDL-C levels were similar in both groups. Levels of native thiol (SH), total thiol (SH + SS), disulphide (SS), disulphide/ native thiol (SS/SH), disulphide/total thiol (SS/SH + SS) and native thiol/total thiol (SH/SH + SS) were similar in both groups. The thiol/disulphide homeostasis variables of the patients and control subjects are shown in Table 2 . No correlation was found between age, BMI SDS, TSH, lipid levels, and thiol/disulphide variables. Iodine deficiency was detected in 19/60 (31%) patients with SHT, 5 (26%) of whom had moderate iodine deficiency (20-49 μg/L) and 14 (74%) mild iodine deficiency (20-49 μg/L). There was no difference between the OS parameters of patients with and without iodine deficiency (p > 0.05) ( Table 3 ).
Discussion
In this study, we demonstrated that thiol/disulphide homeostasis does not change in children with SHT. Previous studies reported increased OS in adult patients with SHT [11] [12] [13] ; these studies either included only patients with autoimmune hypothyroidism [11] [12] [13] or the presence of autoimmune thyroiditis was not reported [20, 21] . Hashimoto thyroiditis is a chronic inflammatory autoimmune disease. Autoimmunity and inflammation may cause the production of oxygen radicals, or oxidant radicals may trigger inflammation and autoimmunity [11] . On the other hand, OS may account for the pathogenesis of autoimmune thyroid disease [22, 23] . Exposure to high doses of hydrogen peroxide (H 2 O 2 ) and/or the impairment of antioxidant systems can lead to the functional and morphological deterioration of Tg and TPO and a change in their antigenic properties [22] . The accumulation of ROS plays a role in the initiation of inflammatory response in follicular cells via the increase of intercellular adhesion molecule 1 (ICAM-1) [23] . A positive correlation was reported between anti-TPO level, SS/SH, SS/SH + SS ratio and SS level in adults with SHT [11] . In one study, a positive correlation between anti-TPO levels and OS marker was found in children (23 with overt hypothyroidism and 9 with SHT) with autoimmune thyroiditis [24] . OS in euthyroid adult patients with autoimmune thyroiditis is also elevated in association with the anti-Tg level [25] . OS has also been reported to be high in hypothyroid patients with positive anti-TPO compared to those with negative anti-TPO [26] . Thiols are organic compounds containing sulfhydryl groups, and they play critical roles in the coordination of antioxidant defense systems and the protection of the cells against OS [9] . Plasma thiol pools are predominantly composed of protein thiol and albumin thiols. Whereas SH + SS contains reduced and unreduced thiols, SH refers only to unreduced thiols. Thiol groups are converted reversibly to disulphide bond structures by oxidant molecules [10] . These disulphide bonds are reversible and are the earliest sign of protein oxidation [27] . Disulphide bonds are rereduced to thiol groups by antioxidants, thereby maintaining thiol/disulphide homeostasis [9, 10] .
In our study, there was no difference between patients and healthy control subjects in terms of lipid levels. Thyroid hormones lower cholesterol levels by decreasing the intestinal absorption of cholesterol and increasing hepatic cholesterol synthesis and the levels of LDL receptors. This reduction of receptor levels leads to a decrease in LDL-C clearance and an increase in serum levels [28] . Mild dyslipidemia has been documented among children with untreated subclinical hypothyroidism [4] . While the HDL-C level in children with untreated, long-standing non-autoimmune SHT was lower than healthy subjects, TC, TG, and LDL-C levels were not significantly different in patients and controls [2] . Serum TG levels and LDL oxidizability might be effected in SHT but the available information on this subject is controversial [28] . Although LDL-C levels have been found to be elevated in adult patients with SHT [20] , no change in LDL-C levels were reported [12, 25] .
Iodine is a part of thyroid hormone molecules and has been reported to induce anti-OS enzymes such as superoxide dismutase or act indirectly as an antioxidant. In diabetic patients supplemented with iodine, the superoxidase level was decreased and antioxidant enzymes such as plasma catalase and glutathione peroxidase were in- creased, while erythrocyte glutathione peroxidase and the malonyl dialdehyde level indicating lipid peroxidation remained unchanged [29] . In a study which reported OS parameters to be higher in pediatric patients with moderate iodine deficiency (20-49 μg/L) than in patients with mild iodine deficiency (50-99 μg/L) or normal levels, TSH and thyroid autoantibodies were not analyzed [30] . In our study there was no difference between the OS parameters of patients with and without iodine deficiency. However, in the majority of our patients (14/19) with low iodine levels, the urine iodine level was between 50 and 99 μg/L, which could be considered as a mild deficiency.
The most significant limitation of our study was the low number of participants. Patients with elevated TSH were followed for 3 months and they were included in the study if their TSH remained elevated after 3 months. A 3-month follow-up may not be sufficient to evaluate the presence of OS.
Conclusion
This study showed that non-autoimmune SHT did not affect the thiol/disulphide balance. Hence, non-autoimmune SHT might not cause OS in children and adolescents. Further studies in patients with long-standing TSH elevation are needed.
